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FAN SPEED CONTROL CIRCUIT 

BACKGROUND OF THE INVENTION 

[0001] (a) Field of the Invention 

[0002] The present invention relates to a fan speed control 
circuit and, more particularly, to a fan speed control circuit 
capable of reducing vibrations and noises in a fan motor by 
using a phase control method. 

[0003] (b) Description of the Related Art 

[0004] Among conventional fan speed control technolo 
gies, pulse Width modulation (PWM) control is the most 
common method used to control the speed of direct current 
(DC) motors. 

[0005] Referring to FIG. 1, in a conventional PWM 
control method, an external PWM signal 102 is used to drive 
a bipolar transistor 104 and a driver IC 106 such that the 
terminal voltage of a stator coil 108 is controlled. Also, a hall 
element 110 Whose output voltage is directly proportional to 
the magnetic ?eld strength is used to sense the magnetic 
polarity of the rotor in a fan motor. 

[0006] Referring to FIG. 2, the fan motor is “on-time” as 
the pulse level of the incoming PWM signal 102 is high (also 
called the duty cycle), While the fan motor is “off-time” as 
the pulse level is loW. The sum of these tWo times is one 
period. Therefore, one can, for instance, decrease the on 
time or increase the off-time of the fan motor in one period 
to loWer the motor speed. 

[0007] In a brushless DC motor, cogging torque is pro 
duced by the magnetic attraction betWeen the rotor mounted 
on permanent magnets and the stator, and it is an undesired 
effect that makes precise positioning of the rotor impossible 
because the rotor tends to lock onto the position Where it is 
aligned With the stator poles. Further, When the rotor rotates, 
the magnetic ?ux variation causes back electromotive force 
(back emf) effect, and the back emf effect in turn enhances 
the cogging torque to result in high values of output ripple, 
vibrations, and noises in the fan motor. 

BRIEF SUMMARY OF THE INVENTION 

[0008] An object of the invention is to provide a phase 
control method of a PWM fan speed control circuit for 
effectively reducing vibrations and noises in a fan motor. 

[0009] According to the design of the invention, a fan 
speed control circuit includes a PWM signal generating 
circuit, a driving circuit and a phase compensation unit. The 
PWM signal generating circuit generates a PWM control 
signal With a sequence of alternating on-time and off-time, 
and the driving circuit outputs a driving signal according to 
the PWM control signal to the fan motor. The phase com 
pensation unit is connected to the fan motor for delaying or 
advancing the PWM control signal by a phase angle to 
synchroniZe the acting period of the back electromotive 
force formed by the magnetic ?ux variation With the off-time 
of the PWM control signal. 

[0010] Through the design of the invention, since the 
PWM control signal can be delayed or advanced by a phase 
angle, the off-time of the PWM control signal can be set to 
synchroniZe With the acting period of the back electromotive 
force formed by the magnetic ?ux variation. Thus, the abrupt 
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changes of the current Waveform are cut off to smooth the 
rotation of the rotor, and vibrations and noises in the fan 
motor are considerably reduced as a result. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a schematic diagram illustrating a con 
ventional PWM fan speed control circuit. 

[0012] FIG. 2 is a schematic diagram illustrating a 
sequence of alternating on-time and off-time for a PWM 
control signal. 

[0013] FIG. 3A is a schematic diagram illustrating the 
angular position of the rotor relative to the stator in a 
four-pole DC motor. 

[0014] FIG. 3B is a schematic diagram illustrating the 
current Waveform of the four-pole DC motor shoWn in FIG. 
3A during unloaded operations. 

[0015] FIG. 3C is a schematic diagram illustrating the 
smooth current Waveform of the four-pole DC motor 
achieved by the phase control method of the invention. 

[0016] FIG. 4 is a circuit block diagram illustrating an 
embodiment of the fan speed control circuit of the invention. 

[0017] FIG. 5 is a circuit diagram of a phase delay circuit. 

[001s] 
circuit. 

[0019] FIG. 7 is a circuit block diagram illustrating 
another embodiment of the fan speed control circuit of the 
invention. 

FIG. 6 is a circuit diagram of a phase advance 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] FIG. 3A is a schematic diagram illustrating the 
angular position of the rotor 12 relative to the stator 10 in a 
four-pole DC motor; FIG. 3B illustrates the current Wave 
form of the four-pole DC motor shoWn in FIG. 3A during 
unloaded operations, Wherein the horiZontal aXis shoWs the 
clockWise-rotating angle (angular position 0) of the rotor 12. 

[0021] Comparing the relative angular position of the 
stator 10 and the rotor 12 in FIG. 3A With the current 
Waveform in FIG. 3B, it can be seen that, for a four-pole 
motor, the current Waveform abruptly changes due to the 
cogging torque When the rotor 12 rotates to angular positions 
near nut/2 (n=1, 2, 3 . . . For instance, after the rotor 12 
starts to rotate clockWise from point A, the current Waveform 
abruptly changes When the rotor 12 rotates to an angular 
position betWeen 01 (point A‘) and 31/2 (point B), and the 
same is true With each of the other 313/2 periods. On the other 
hand, since the rotor 12 is divided into four magnetic regions 
alternated betWeen northern and southern polarities, When 
the rotor 12 rotates, the magnetic ?ux variation causes back 
electromotive force (back emf) effect, and the back emf 
effect in turn make the current Waveform vary more dra 
matically at angular positions near nut/2 to result in high 
values of output ripple, vibrations, and noises in the fan 
motor. 

[0022] Therefore, this invention can be characteriZed in 
that the on-time and off-time of a pulse Width modulation 
(PWM) control signal are determined in connection With the 
angular position of the rotor 12. Taking the four-pole motor 
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of FIG. 3A as an example, When the PWM signal is on-time 
at point A, the rotor 12 starts to rotate due to the electro 
magnetic force. Then, the PWM signal is sWitched to 
off-time at point A‘ (angular position is 01), for the current 
Waveform starts to abruptly change at this time, and is then 
sWitched to on-time When the rotor 12 rotates to pass point 
B (0=J'c/2), and the same is true With each of the other 313/2 
periods. In such manner, the off-time of the PWM control 
signal is adjusted to synchroniZe With the acting period of 
the back emf to eliminate the abrupt changes of the current 
Waveform, as illustrated in FIG. 3C. 

[0023] FIG. 4 is a circuit block diagram illustrating an 
embodiment of the invention. Referring to FIG. 4, a fan 
speed control circuit 20 consists of a PWM signal generating 
circuit 22, a phase compensation circuit 24, and a driving 
circuit 26. The phase compensation circuit 24 is connected 
betWeen the PWM signal generating circuit 22 and the 
driving circuit 26, and an input terminal of a fan motor 28 
is independently connected to the phase compensation cir 
cuit 24. 

[0024] The driving circuit 26 outputs a driving signal to 
the fan motor 28 according to the PWM control signal 
generated by the PWM signal generating circuit 22. Since 
the phase compensation circuit 24, coupled betWeen the 
PWM signal generating circuit 22 and the driving circuit 26, 
can delay or advance the PWM control signal by a phase 
angle, the off-time of the PWM control signal can be set to 
synchroniZe With the acting period of the back emf formed 
by the magnetic ?ux variation. Thus, the abrupt changes of 
the current Waveform are cut off to smooth the rotation of the 
rotor 12, and the vibrations and noises in the fan motor are 
considerably reduced as a result. 

[0025] FIGS. 5 and 6 shoW eXamples of the phase com 
pensation circuit 24 design according to the invention. The 
phase compensation circuit 24 that consists of operational 
ampli?ers, transistors, resistors, and capacitors may be 
either a phase delay circuit as illustrated in FIG. 5, or a 
phase advance circuit as illustrated in FIG. 6. Through the 
phase compensation circuit 24, a PWM signal can be trans 
formed into a triangular-Wave signal, being delayed or 
advanced by a phase angle, to alloW the sequence of 
alternating on-time and off-time to accurately correspond to 
the angular position of the rotor 12. 

[0026] FIG. 7 is a circuit block diagram illustrating 
another embodiment of the invention. The design concept of 
the invention is not limited to using the aforesaid phase 
compensation circuit 24 connected betWeen the PWM signal 
generating circuit 22 and the driving circuit 26. Referring to 
FIG. 7, the fan motor 34 may independently output a signal 
indicating the current motor speed to a phase compensation 
unit 36 via a signal line F00, and the phase compensation unit 
36 that includes a phase-locked loop, such as a phase delay 
circuit or a phase advance circuit, may delay or advance the 
PWM control signal 42 by a phase angle based on the speed 
signal from the signal line F00. Finally, a processed signal 44 
is fed back to the fan motor 34 to adjust the sequence of 
alternating on-time and off-time of the PWM control signal. 
Further, a timer 38 may be added to precisely calculate the 
magnitude of the phase angle to be delayed or advanced. 

[0027] Hence, the Way of achieving phase compensating 
function is not limited as long as the off-time of the PWM 
control signal is set to synchroniZe With the acting period of 
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the back emf formed by the magnetic ?ux variation. For 
eXample, the phase compensating function may be incorpo 
rated in a driver IC. 

[0028] Further, With regard to the voltage control for the 
fan speed control circuit 20, it may be achieved either by a 
single voltage source Vcc as illustrated in FIG. 4, or by 
separate voltage sources V and Vcc as illustrated in FIG. motor 

[0029] The aforesaid four-pole motor is for illustrative 
purpose only, and the pole number of the fan motor accord 
ing to the invention is including but not limited to four. For 
eXample, if a siX-pole motor is used, the current Waveform 
abruptly changes When the rotor 12 rotates to angular 
positions near nut/3 (n=1, 2, 3 . . . ), and one has only to vary 
the phase angle to be delayed or advanced to synchroniZe the 
off-time With the acting period of the back emf. 

[0030] While the invention has been described by Way of 
eXamples and in terms of the preferred embodiments, it is to 
be understood that the invention is not limited to the 
disclosed embodiments. To the contrary, it is intended to 
cover various modi?cations and similar arrangements as 
Would be apparent to those skilled in the art. Therefore, the 
scope of the appended claims should be accorded the 
broadest interpretation so as to encompass all such modi? 
cations and similar arrangements. 

What is claimed is: 
1. A fan speed control circuit, comprising: 

a pulse Width modulation (PWM) signal generating circuit 
for generating a PWM control signal With a sequence of 
alternating on-time and off-time; 

a driving circuit for outputting a driving signal according 
to the PWM control signal to a fan motor; and 

a phase compensation unit connected to the fan motor for 
delaying or advancing the PWM control signal by a 
phase angle to synchroniZe the acting period of the 
back electromotive force formed by the magnetic ?ux 
variation With the off-time of the PWM control signal. 

2. The fan speed control circuit as recited in claim 1, 
Wherein the phase compensation unit delays or advances the 
PWM control signal by a phase angle according to a speed 
signal fed from the fan motor. 

3. The fan speed control circuit as recited in claim 2, 
Wherein the phase compensation unit comprises a phase 
locked loop. 

4. The fan speed control circuit as recited in claim 3, 
Wherein the phase-locked loop is a phase delay circuit. 

5. The fan speed control circuit as recited in claim 3, 
Wherein the phase-locked loop is a phase advance circuit. 

6. The fan speed control circuit as recited in claim 3, 
further comprising a timer for precisely calculating the 
magnitude of the phase angle to be delayed or advanced. 

7. The fan speed control circuit as recited in claim 1, 
Wherein the phase compensation unit is incorporated in a 
driver IC. 

8. A fan speed control circuit, comprising: 

a PWM signal generating circuit for generating a PWM 
control signal With a sequence of alternating on-time 
and off-time; 

a driving circuit for outputting a driving signal according 
to the PWM control signal to a fan motor; and 
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a phase compensation circuit connected betWeen the 
PWM signal generating circuit and the driving circuit; 

Wherein the phase cornpensation circuit is connected to a 
fan motor for delaying or advancing the PWM control 
signal by a phase angle to synchronize the acting period 
of the back electrornotive force formed by the magnetic 
?ux variation With the off-tirne of the PWM control 
signal. 
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9. The fan speed control circuit as recited in claim 8, 
Wherein the phase cornpensation circuit is a phase delay 
circuit. 

10. The fan speed control circuit as recited in claim 8, 
Wherein the phase cornpensation circuit is a phase advance 
circuit. 


